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A recent editorial by Shah (1975) outlined the event-
ful and controversy-filled saga of hypertrophic
obstructive cardiomyopathy (HOCM) (idiopathic
hypertrophic subaortic stenosis, muscular subaortic
stenosis, obstructive asymmetric septal hyper-
trophy). Concepts of the anatomical and patho-
physiological mechanism(s) of left ventricular out-
flow obstruction present in this disease have evolved
slowly over the years. At first, obstruction was
attributed to a circular muscle band in the left
ventricular outflow tract (Brachfeld and Gorlin,
1959; Brock, 1959; Cohen et al., 1964) but later this
view was felt to be too simple, overlooking the fact
that the left ventricle unlike the right does not have
a true muscular outflow tract (Shah, 1975). Whether
a true intraventricular pressure gradient was
actually even present in hypertrophic cardiomyo-
pathy was subsequently questioned by Criley et al.
(1965). They explained recorded subaortic pressure
gradients as being caused by entrapment of the
catheter, based on the demonstration that high sub-
endocardial pressures transmitted to a catheter em-
bedded in the trabeculated left ventricular apex
result in artefactual gradients (Morrow et al., 1965;
Dieudonne, 1966). Further consideration of the
problem indicated that systolic outflow obstruction
does occur in hypertrophic cardiomyopathy, co-
existing in some instances with artefactual gradients
caused by catheter entrapment (Adelman and Wigle,
1968). The criteria for discrimination between true
and artefactual intraventricular gradients were des-
cribed by Ross et al. (1966) and by Wigle et al.
(1967) and were based mainly on recording a high
left ventricular inflow systolic pressure (obtained by
withdrawal of a transseptal catheter from the left
ventricle to the left atrium) as the primary evidence

for true obstruction. Angiographic observations had
already suggested that the anterior leaflet of the
mitral valve could be an important cause of ventri-
cular obstruction by its abnormal apposition to the
septum during systole. Outflow obstruction in
hypertrophic cardiomyopathy was, therefore, de-
fined by recording a systolic pressure gradient
between the inflow and outflow portions of the left
ventricle; the finding of high apical pressures in the
presence of low left ventricular inflow pressures was
then to be interpreted as catheter entrapment
artefact resulting from the vigorous ventricular
emptying during systole.
More recently, echocardiographic observations

have provided additional information regarding the
possible causes of systolic outflow obstruction in
hypertrophic obstructive cardiomyopathy. The
septum is disproportionately thicker than the pos-
terior wall by a ratio of 1-3 or more (Henry et al.,
1973a) and the anterior mitral leaflet moves in
systole toward the septum (Shah et al., 1969). The
length and degree of the systolic apposition of the
mitral leaflet against the septum have correlated well
with outflow gradients found at catheterisation
(Henry et al., 1973b), though lack of correlation has
been noted by other authors (Rossen et al., 1974).
The precise mechanisms for the systolic apposition
of the anterior mitral leaflet against the septum are
not clearly understood, being attributed to mal-
alignment of the anterior papillary muscle (Reis et
al., 1974) or to a Venturi effect on the left ventricular
outflow tract (Wigle et al., 1971) produced by the
abnormal anatomy and contraction patterns. As
further evidence of the role of the mitral valve,
Cooley et al. (1973) showed disappearance of out-
flow gradients after mitral valve replacement with a
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low profile prosthesis in several patients. Both
echocardiographic and haemodynamic observations,
then, appeared closely correlated and seemed to
have shown, with reasonable certainty, the precise
site and structures involved in producing left
ventricular outflow obstruction in hypertrophic
obstructive cardiomyopathy.

Recent findings, however, suggest that the patho-
physiological and anatomical alterations in hyper-
trophic obstructive cardiomyopathy may be wider
ranging than previously thought. In a recent, com-
prehensive review of 40 postmortem hearts of
patients who had hypertrophic obstructive cardio-
myopathy, Roberts and Ferrans (1975) found that
ventricular septal thickness was not greater than
free wall thickness in 7 hearts (18%) negating in
these the presence of asymmetric septal hypertrophy
in the anatomical sense. Septal thickness was also
greatest in all of their cases midway between the
aortic valve cusps and the left ventricular apex, rather
than in the outflow tract itself. In 11 hearts (28%)
there was no thickening of the mural endocardium
in apposition to the anterior mitral leaflet, suggesting
that systolic mitral valve apposition to the septum
had not been a prominent feature during life. Thirty-
three patients had had cardiac catheterisation
studies, and a subaortic gradient was shown in 20,
but there is no mention by the authors of the route
of left ventricular catheterisation, or whether left
ventricular inflow tract pressures were measured.
We have recently reported 2 patients (Falicov et

al., 1976) in whom left ventricular obstruction was
present in the mid ventricular area, rather than at
the junction of the inflow and outflow tracts. In the
first patient, the diagnosis was made by post-
mortem examination after sudden death with un-
relieved obstruction 6 months after septal myotomy-
myectomy of the left ventricular outflow tract by the
transaortic approach. In the second patient, a two-
catheter left ventricular study (transseptal and
retrograde) showed no gradient between the inflow
and outflow tracts, but a high, true pressure gradient
between the apex and the inflow and outflow tracts;
the gradient was present at a sphincter-like severe
narrowing in the mid ventricular area. In retro-
spect, identical angiographic features were present
in the first patient. The second patient's echo-
cardiogram showed asymmetric septal hypertrophy
but no systolic anterior motion of the mitral leaflet
in spite of a resting 100 mmHg intraventricular
systolic gradient. We suggested that obstruction in
these patients was caused by a true muscular
stenosis in the mid portion ofthe left ventricle. Since
the abnormality was in the mid portion of the ven-
tricle and the anterior leaflet of the mitral valve was
not participating in the obstruction, neither outflow

septal myectomy nor mitral valve removal alone
could reasonably be expected to relieve the trans-
ventricular pressure gradient. On the other hand,
mid ventricular septal resection and/or papillary
muscle and trabecular resection might well relieve
the obstruction by removing some of the hyper-
trophic muscular mass in the mid ventricular zone,
the cause of the obstruction.
We have more recently had the opportunity of

testing this hypothesis (Falicov et al., 1977) in
a patient with severe mid ventricular obstruction
(resting systolic gradient of 75 mmHg), shown by
the two-catheter technique mentioned above, and
additional mitral valve stenosis as well (mitral valve
area= 1-3 cm2), thought to be rheumatic in origin.
Echocardiogram showed severe, asymmetric hyper-
trophy of the posterior wall in the mid ventricular
area and no systolic anterior movement of the
anterior mitral leaflet. At operation, the mitral
valve was resected and replaced with a Hancock
porcine heterograft valve. The papillary muscles
were excised as close to their bases as possible, and
several hypertrophic trabeculations were resected in
the mid ventricular area from the free wall as well as
the septum. At postoperative catheterisation, the
mid ventricular systolic gradient was reduced to
one-half of its preoperative value, and the trans-
mitral diastolic gradient was abolished.
There is, therefore, now sufficient evidence

accumulated to support the concept of a spectrum
of physiopathological and anatomical disorders
causing left ventricular obstruction in hypertrophic
obstructive cardiomyopathy, which probably relate
to the heterogeneous and disorderly hypertrophic
process underlying this disease. In many cases, the
abnormal systolic contraction patterns and de-
formed geometry of the left ventricular cavity alter
the direction of papillary muscle contraction and
produce haemodynamic forces which attract the
anterior mitral valve leaflet against the bulging
septum during systole; thus, obstruction occurs at
the junction of the inflow and outflow tracts. In
other instances, the hypertrophic process pre-
dominates at the mid ventricular level, and the
hypertrophic papillary muscles together with ab-
normal free wall trabeculations abut against the
septum during systole to produce true muscular
stenosis; there is a high pressure apical chamber,
while both inflow and outflow tracts remain free of
obstruction (Fig. 1). Obstruction may even be
present in varying degrees at both outflow and mid
ventricular levels as reported by E. D. Wigle (1976,
personal communication) and may be explained by
a combination of some or all the factors already
mentioned.

702



Mid ventricular obstruction in hypertrophic obstructive cardiomyopathy

LowPressure

(KLow

( Pressure

Ps
High
Pressure

s High Pressure6

A..

Fig. 1 Schematic representation of the two possible sites
of systolic obstruction in hypertrophic obstructive
cardiomyopathy. (A) Subaortic obstruction, produced by
systolic apposition of the mitral leaflet against the
septum. (B) Mid ventricular obstruction, produced by
muscular apposition in the mid ventricular area.
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The clinical presentation of our patients was in-
distinguishable from that of other patients with sub-
aortic hypertrophic obstructive cardiomyopathy in
terms of symptoms, clinical signs, and electro-
cardiographic features. The echocardiogram in two
patients showed some suggestive features, such as
the absence of true systolic anterior motion of the
anterior leaflet of the mitral valve in both patients,
and lack of asymmetrical septal hypertrophy in one
(in fact, she had asymmetrical hypertrophy of the
posterior wall). Thus, the presence of atypical
echocardiographic features in patients with other-
wise typical hypertrophic obstructive cardiomyo-
pathy may alert the clinician to the possible presence
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Fig. 2 Two types of gradients in a patient with mid ventricular hypertrophic obstructive cardiomyopathy.
(A) A transseptal catheter was recording left ventricular inflow tract pressures (LV inflow). A second catheter with
multiple side holes had been advanced retrogradely into the left ventricular (LV) body and was pulled back into the
outflow tract (LV outflow). Notice the delayed fall in LV pressure (arrows) while high pressure was being recorded,
suggesting catheter entrapment. Blood could still be withdrawn from the catheter during systole, indicating that some
of the side holes were free in the LV cavity, while others were trapped against the LV wall and recording
subendocardial pressure. (B) In the same patient, a single, end-hold catheter was placed during a second study in the
left ventricular cavity while a transseptal catheter was placed in the LV inflow tract. The fall in LV systolic pressure
in both tracings occurred at the same time (arrow), blood could be withdrawn from the catheter during systole, and
manual injection of contrast (bottom) outlined a blood-filled cavity surrounding the tip of the catheter, with a severe
muscular narrowing immediately downstream from it (arrows). A true transventricular gradient was therefore
demonstrated. I= inflow tract, 0= outflow tract, B= left ventricular body.
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of mid ventricular hypertrophic obstructive cardio-
myopathy.

Until more experience is accumulated, however,
the mainstay for the diagnosis of mid ventricular
hypertrophic obstructive cardiomyopathy rests on
the typical angiographic features ('hour-glass'
ventricle), together with the precise localisation of a
true gradient in the mid left ventricular area. An
informal survey of major cardiac catheterisation
facilities in the Chicago metropolitan area, with a
combined study load of over 2800 patients annually,
showed that 1 per cent of patients studied over the
past year had hypertrophic obstructive cardio-
myopathy. Most were investigated using an aortic or
brachial arterial catheter and a second catheter
placed in the left ventricle by the retrograde ap-
proach; thus, no effort was made to locate the level
of the gradient. We believe that in every patient
studied because of suspected hypertrophic obstruc-
tive cardiomyopathy an attempt should be made to
locate the site of the systolic gradient by using either
the transseptal approach, in conjunction with the
retrograde left ventricular approach, or the retro-
grade left atrial technique as proposed by Wong
et al. (1975), with simultaneous or successive
determination of left ventricular inflow, body, and
outflow tract pressures. Artefactual pressure
gradients are commonly encountered during cathe-
terisation in patients with hypertrophic obstructive
cardiomyopathy along with true cavity gradients;
differentiation between true and false gradients
is sometimes difficult, even more so now since the
criterion of high versus low initial inflow pressure to
distinguish between the two (Ross et al., 1966;
Wigle et al., 1967) can no longer be considered
valid. We have found several additional criteria
useful in differentiating catheter entrapment from
true gradients (Wigle et al., 1967) and they are listed
in the Table. The simultaneous recording of two
intraventricular pressures is recommended for better
evaluation of the magnitude of the gradients as well
as the detection of the delayed fall in the left ven-
tricular systolic pressure characteristic of catheter
entrapment artefact (Fig. 2).

Table Recognition of catheter entrapment: catheter
entrapment artefacts are common in hypertrophic
obstructive cardiomyopathy and coexist with true
gradients

Use catheter with end hole, no side holes
Unusual waveform
Longer duration of systole (delayed relaxation)
Inability to aspirate blood during systole
Intramyocardial staining by hand injection of contrast during systole

(Modified from Wigle et al., 1967)

It is clear that more than a casual approach is
needed for the detection of mid ventricular ob-
structive cardiomyopathy, but we believe that an
effort in this direction is definitely worth while.
Besides the serious practical implications regarding
the surgical approach to this disease as documented
in two of our patients, the determination of the
actual prevalence of mid ventricular obstructive
cardiomyopathy will help stimulate further thinking
about the pathophysiology, diagnosis, and manage-
ment of hypertrophic obstructive cardiomyopathy,
a 'disease of pitfalls and paradoxes' (Spodick, 1972).
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